Although the inositol lipids have been implicated in cellular activation processes for at least 30 years, their precise role in Abbreviations used: PtdIns? phosphatidylinositol, PtdIns4P, phosphatidylinositol 4-phosphate, PtdIns(4,5)P2, phosphatidylinositol 4,5-bisphosphate; fMet, formylmethionyl.
the cells in the absence of lysis and without loss of plasmamembrane skeletal protein unless fusion of the nuclear and plasma membranes had occurred, followed by exovesiculation of the resulting expanded surface bilayer.
We have further investigated the factors which control this putative membrane fusion event in the hope that an understanding of this process in chicken erythrocytes may give us some pointers to the mechanism of fusion between intracellular granules and plasma membrane in other (more interesting!) cells. It seems quite clear from our studies that raised intracellular Ca2+ exerts a variety of important effects on chicken erythrocytes. As in other cell types (Campbell, 1983) Ca2+ causes a dissolution of microtubules which in the untreated chicken erythrocyte may prevent interaction of the nucleus with plasma membrane. In addition Ca2+ entry causes an increased degradation of sphingomyelin by an endogenous plasma-membrane enzyme which, curiously, does not require Ca2+ for its activity in vitro. More dramatically, Caa+ activates a cytosolic protease that specifically attacks a-spectrin, a major constituent of the plasma membrane skeleton, microtubuleassociated proteins and also a 5OkDa protein, which is probably a constituent of the intermediate filament network holding the nucleus in its normal central position in the cell (Granger et a/., 1982). This protease activity, which appears to require a free sulphydryl group, is essential not only for the fusion of nuclear and plasma membranes but also for the release of microvesicles, since neither of these events occurs when the protease is blocked by iodoacetamide or tosyllysylchloromethylketone. (Thomas et al., 1983) .
Thus we can understand the process leading to quasiexocytosis of the nucleus and to microvesicle release in terms of a Ca'+-induced removal of those cellular structures which normally prevent interaction and fusion of nuclear and plasma membranes. Of these effects of Ca2+, the most important seems to be activation of the endogenous protease, whose action seems to be first to degrade the intermediate filaments anchoring the nucleus, then to break down the microtubule-associated proteins which may be involved in attachment of microtubules to the plasma membrane and finally to disrupt the membrane skeleton, thus making more likely an interaction between nucleus and plasma membrane bilayer. At this stage however, we cannot exclude the suggestion that some Ca2+-induced changes in the structure of the bilayer itself, occurring as a result either of protease or sphingomyelinase activity, or through a direct interaction of Ca2+ with membrane lipids, may be essential for the completion of the fusion events. It is worth noting that the product of sphingomyelinase activity is ceramide, the sphingolipid analogue of diacylglycerol, a molecule which has received some attention as a possible modulator of fusogenic events and of protein kinase activity (Allan & Michell, 1979;  Kishimoto et al., 1980) . The above observations in chicken erythrocytes raise the possibility that fusion of intracellular granules with plasma membrane in other cellular systems may also require the activation of a protease. Certainly, Ca2++-sensitive proteases are common in a great variety of different cell types (Murachi, 1983) and in platelets, Ca2+ -dependent degradation of certain proteins accompanies exocytotic release, (Phillips & Jacabova 1977; Fox et al., 1983) . Recently Strittmatter and his colleagues have made a determined effort to link membrane fusion events (including secretory processes) with protease activation, (Couch & Strittmatter, 1983; Baxter et al., 1983) but in these experiments it seems that protease activity is dependent on heavy metals since it is inactivated by o-phenanthroline. It is not clear how the activity of such an enzyme could be controlled after a stimulus which raised intracellular Caa+ concentration.
It is plain that the evidence in favour of a role for protease activation in the membrane fusion events involved in secretion is not overwhelming. However, it is only recently that the structure of the cytoskeleton of secretory cells has been investigated in detail and, furthermore, it is likely to be difficult to detect changes in individual skeletal polypeptides in such a complex system as the typical secretory cell where, in general, plasma membrane-associated proteins will be a relatively small proportion of the total. More sensitive techniques may be required to convincingly demonstrate the need for protease activation in exocytosis.
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stimulus-response coupling is far from established. I shall outline the currently favoured proposal of stimulated inositol lipid metabolism and discuss some of the difficulties from which this suffers, shall then propose two alternative ideas which deserve consideration.
The correlation between receptors that mobilize internal Ca3+ and also show Ca2+-independent breakdown of PtdIns was the main basis for the hypothesis that the rise in cytosolic Ca2+ is caused by stimulated inositol lipid metabolism (Michell, 1975) . However, based on the stimulated generation of the water-soluble hydrolysis 608th MEETING, KEELT products of these lipids, it has been recently suggested that the initial event is the breakdown of the polyphosphoinositides, (PtdIns4P and PtdIns(4,5)P2) rather than PtdIns (Berridge et al., 1983; Downes & Wusteman, 1983) . The observed disappearance of PtdIns can then be understood as its conversion to polyphosphoinositides by the kinases to provide more substrate for the initial hydrolytic reaction. A possible mechanism of how stimulated metabolism of the inositol lipids may be involved in the mobilization of Ca2+ has been suggested. The product of PtdIns(4,5)P2 hydrolysis, inositol trisphosphate, can release Ca2+ from internal membranes, raising the possibility that this molecule may serve as a second messenger to release intracellular Ca2+ from cells during stimulation (Streb et al., 1983) . However, this does leave open the question of whether plasma membrane permeability is also coupled in a similar way. It is worthwhile stressing that different cell types show variable dependence on extracellular Ca2+. For example, neutrophils stimulated with soluble chemotactic factors can largely utilize internal Ca2+ stores but mast cells stimulated via the immunoglobulin E receptor are exquisitely dependent on extracellular Ca*+, despite the fact that these cells do have internal Ca2+ membrane stores which can be mobilized by another class of receptors such as substance P or 48/80 (Cockcroft & Gomperts, 1979; Cockcroft et al., 1981) .
The other product of phosphodiesterase attack on inositol lipids is thought to be diacylglycerol. From studies in uitro a protein kinase c has been identified as a phospholipid-and Caz+-dependent kinase which can be activated by diacylglycerol or phorbol esters (Takai et al., Castagna et al., 1982) . Thus the receptor-activated breakdown of the polyphosphoinositides can generate two intracellular messengers simultaneously. Because PtdIns(4,5)P2 can generate both signals whilst breakdown of PtdIns4P can generate only one signal (inositol bisphosphate cannot mobilize intracellular Ca2+ ), cells can potentially manipulate the generation of the two signals. Another feature of this model is that maximal stimulation could be achieved by either of the two signals and in those cells where receptor activation leads to a multiplicity of responses (e.g. platelets, neutrophils) then there is the possibility of independent control of the different functional responses. The two pathways of activation can also be independently mimicked experimentally: Ca2+ ionophores to raise cytosolic Ca2+ and phorbol esters to substitute for diacylglycerol to activate protein kinase c. Also, the two signals generated at a subthreshold level simultaneously synergize to give maximal stimulation of the cell. Thus the proposed model has great potential and versatility (Michell, 1983) .
However, for such a model to be tenable stimulated inositol lipid metabolism has to fulfill certain criteria.
(1) The response should be observed with Ca2+-mobilizing receptors only. (2) The receptor-mediated breakdown of inositol lipid should be independent of both the extracellular Ca2+ and of the elevation of cytosolic Ca2+ due to cell activation. (3) The response should be controlled by receptor occupancy.
Though the first criterion has received ample support, there are exceptions. For example, secretion from adrenal medulla is controlled by a rise in cytosolic Ca2+ induced by nicotinic cholinergic receptors, but the inositol lipid metabolism is enhanced by the activation of the muscarinic cholinergic receptor whose function is to inhibit the response of the nicotinic receptor (Fisher et (Allan & Thomas, 1981) .
The second criterion is the Ca2+ dependence of the receptor-stimulated inositol lipid hydrolysis. Table 1 provides a summary of our current knowledge on the external Ca2+ requirement for inositol lipid breakdown. It is clear that whilst there are many situations in which there is no requirement for external Ca2+, it is also clear that there are several instances where receptor-stimulated inositol lipid breakdown is dependent on Ca2+ in the external medium. The Ca2+ requirement in intact cells does not tell us at what stage it may be required. One cannot assume that the phosphodiesterase is directly activated by the Ca2+ rise in the cytosol. It may be an indirect consequence of some other Ca2+-dependent reaction, such as proteolysis (Murachi, 1983) , that has to occur before inositol lipid hydrolysis.
An early study on the muscarinic cholinergic receptor certainly indicated that receptor occupancy and stimulated Table 1 inositol lipid metabolism showed similarities in their doseresponse relationships (Michell et d., 1976) . Studies from hepatocytes certainly support this view (Creba et al., 1983) . However, in neutrophils, inositol lipid breakdown does not follow the receptor occupancy curve as predicted but instead lies close to the functional response of the cell (Cockcroft et al., 1981) .
Thus, in summary, the concept that inositol lipid metabolism is responsible for mobilizing Cat+ is not really tenable. In too many cells there is a well-defined Ca2+ requirement. A reaction which is dependent on Ca2+ is unlikely to be responsible for causing the rise in cytosolic Ca2+. Anyway, there is an alternative mechanism. This invokes a role for guanine nucleotide regulatory protein in the mechanism for Cat+-gating in a manner having similarity with the control of adenylate cyclase (Gomperts, 1983) .
Because of the close link between Cat+ -mobilizing receptors and inositol lipid metabolism, an alternative proposal is that stimulated inositol lipid metabolism controls the removal of the Ca2+ signal from the cell. This would make the Ca2+ dependence of stimulated inositol metabolism an irrelevant argument. The basis for such a proposal comes from several independent studies. Buckley & Hawthorne (1972) have reported that erythrocyte membranes with elevated polyphosphoinositide levels also show much higher Cat+-ATPase activity and therefore suggested that 'the higher inositides may be involved in the regulation of intracellular Ca2+ levels'. In a separate study by Downes & Michell (1982) it was demonstrated that breakdown of the polyphosphoinositides coincided with the loss of Ca'+-ATPase activity. Prpic et al. (1984) have also observed loss of Ca'+-ATPase activity in plasma membranes prepared from vasopressin-stimulated liver, a protocol that would have led to breakdown of the polyphosphoinositides. Correspondingly, studies from the sarcoplasmic reticulum demonstrate that the activity of the Ca'+-ATPase was enhanced when the enzyme preparation was allowed to convert the endogenous PtdIns to PtdIns4P (Varsanyi et ul., 1983) . Thus the activity of the Ca2+-ATPase can be modulated by the level of the polyphosphoinositides. Thus breakdown of the polyphosphoinositides would limit the activity of the Ca2+-ATPase transiently and could thus contribute to the elevation of the intracellular level of Ca2+. Such a concept needs to be rigorously tested in other systems to see whether it is a universal characteristic of the Ca2+-ATPases.
The third possibility that needs consideration is that transformation of one lipid into another (in this case PtdIns to phosphatidate) may alter the ability of membranes to fuse. The plasma membrane forms the permeability barrier between the cytosol and the cell exterior but also participates in membrane fusion, an event that can be understood as a destabilization of the bilayer structure. That specific phospholipids may play a role in membrane fusion events comes from studies of Ca2+-induced membrane fusion where the stimulus-induced changes in the polar headgroup that occur at the cellular level are mimicked in model systems. Striking differences in the fusion characteristics between phosphatidate and PtdIns both in single component vesicles and in mixed vesicles approximating the composition of biological membranes have been observed. Whilst phosphatidate-containing vesicles undergo fusion with Cat+, PtdIns-containing vesicles are completely resistant to fusion. The different fusion characteristics between these two lipids can be explained by the removal of the bulky hydrated inositol group. Thus it is proposed that the observed metabolic conversion of PtdIns to phosphatidate which is known to occur during exposure to secretory stimuli could represent an on-off mechanism for Ca2+-induced fusion at the cellular level (Sundler & Papahadjopoulos, 1981) .
In summary, the concept that inositol lipid metabolism is responsible for mobilizing Cat+ is challenged for its general applicability to all cells and it is suggested that stimulated inositol metabolism may play a more varied role in cell activation.
